We present a study of CB34V, a pre-main sequence object that has increased in brightness by ∼3.7 magnitudes in the red between November 1951 (1951.9) and February 1996 (1996. Our data consists of intermediate and high resolution optical spectroscopy as well as optical and near-infrared photometry (BV RIJHK). We find that the color behavior of the CB34V brightness variation is peculiar, corresponding to a gray brightening. We demonstrate that CB34V is a pre-main sequence object embedded in a small molecular cloud by 2.4 visual magnitudes. At optical wavelengths CB34V has a G5 (III−IV) spectral type and is rapidly rotating with a vsini ∼ 145 ± 20 km s −1 . We estimate a current bolometric luminosity of 7 < L CB34V < 39 (D/kpc) 2 L . If the optical light is stellar in origin, the object's position on the HR diagram implies a stellar mass of ∼ 2 M and an age of ∼ 1 × 10 6 years. We consider two possible explanations for the observed brightening: 1) a high accretion episode (FU Orionis type) and 2) time variable extinction due to motions of the non-uniform circumstellar environment. Although we favor the latter, CB34V seems difficult to classify into any of the known types of pre-main sequence variability.
We present the results of an observational and theoretical study of the chemical composition and evolution of three giant cloud cores in Orion A, M17, and Cepheus A. This study is the culmination of a chemical survey of 32 transitions of 21 different molecules and isotopic variants in these cloud cores. Using these data, combined with observationally derived physical conditions, chemical abundances were calculated for several positions in each cloud. A global analysis of the molecular abundances shows that, although abundance differences exist, the chemical composition of giant cloud cores is remarkably homogeneous. This agreement suggests that the chemical evolution of the individual giant cloud cores is not unique. The molecular abundances of giant cloud cores are also systematically lower than those observed in the more quiescent dark cloud core TMC-1.
A one-dimensional chemical model is presented which examines internal chemical structure induced by a radiation field enhanced by a factor of 10 3−5 above the normal interstellar radiation field. This model integrates the abundances of the various species as a function of depth, producing column densities which can be compared with observations. The one-dimensional model is unable to reproduce the abundances of many molecules for any single time. Two assumptions have been investigated to improve the agreement between theory and observations. These are: adding clumps and raising the initial C/O ratio. We find that the inclusion of clumps in the chemical model can reproduce the abundance of C and C + . However, due to the greater weight placed on the photon-dominated region within smaller clumps, clumps have a detrimental effect on reproducing the abundances of other species.
Models with a range of C/O ratios are also compared with the measured abundances. Good agreement between this model and the observations at two positions with disparate physical properties is found for early times (t ∼ 10 5 yr) and for C/O increased to ∼ 0.8. We suggest that one possible interpretation of these results is that the cores are dynamically evolving objects. Either giant cloud cores are intrinsically young objects or the dense material is effectively young by virtue of a complex interchange of material between the clumps and the interclump medium. We suggest that the CS/SO ratio can be used to probe the evolutionary state of and the initial C/O ratio in dense molecular clouds.
Accepted by Ap.J. (June 10, 1997 issue)
Preprints available on the WWW at http://cfa-www.harvard.edu/∼ebergin/ Far Infrared Spectroscopy of C II and High J CO Emission from Warm Molecular Gas in NGC 3576
R. T. Boreiko and A. L. Betz
Center for Astrophysics and Space Astronomy, University of Colorado, Boulder, CO 80309, USA E-mail contact: boreiko@spot.colorado.edu
We have observed the 158 µm 2 P 3 2 ← 2 P 1 2 fine-structure line of C II, the J=9→8, J=12→11, and J=17→16 lines of 12 CO, and the J=9→8 rotational transition of 13 CO in the molecular cloud and photodissociation region associated with NGC 3576. The line profiles were fully resolved using a heterodyne spectrometer with <1 km s −1 resolution. The high J CO emission arises from a spatially compact region near the infrared peak which is characterized by a kinetic temperature near 150 K and a density n H2 ∼ > 5 × 10 5 cm −3 . The 12 CO J=9→8 line is found to be optically thick and arises from a more extended, cooler region with T kin ∼60 K. The increase in excitation temperature with the rotational level of CO suggests that the ionizing source is located behind much of the molecular cloud. Less than 1% of the molecular cloud material is found in the warm PDR and cloud interface region. The C II fine-structure line emission is intense over >4 ×4 and shows a central "self-absorption" feature at many locations. This absorption may represent a cooler or less dense ionized gas component associated with the foreground molecular cloud.
Accepted by Astrophys. J. Suppl. Models for the thermal emission from dusty infalling envelopes around protostars indicate that the envelope emission can greatly exceed the stellar + disk photospheric emission at wavelengths ∼ 2µm. We argue that this thermal envelope emission accounts for the weakness of 2.3µm CO first-overtone absorption lines in protostellar sources. Disk emission alone is unlikely to explain the observed effect, either because disks exhibit their own CO absorption, or because inner disk holes eliminate the region of the disk which can emit in the near infrared. We find that this near infrared veiling is very dependent on the envelope density, increasing as mass infall rate increases and centrifugal radius decreases. The veiling also depends on the characteristics of the underlying object and it is largest when most of the luminosity is due to accretion and the disk hole size is several stellar radii. The observed veiling indicates that dust must be falling in to distances of ∼ 0. We have used the VLA to image at 2 resolution the Orion-IRc2 region in 43 GHz continuum and CS(1-0) emission. In the continuum radio sources I and B are detected together with an extended emission component which peaks at source I. Comparison of this extended component with lower frequency data suggests it is free-free emission from a dusty HII region ionized by source I. The compact CS(1-0) emission originates from the hot core, the compact ridge, and the western clump. The hot core component has a line brightness temperature of ∼ 150 K, and is optically thick. We derive an abundance for the CS relative to H 2 in the hot core of 1.2 × 10 −8 , considerably higher than the previous upper limit based on a single-dish spectral line survey. The difference can be explained as being due to beam-dilution of the hot core component in the earlier, low-resolution study, and the confusion of the hot core with emission from the extended ridge. A similar result is also suggested for the sulphur-bearing molecules SO and SO 2 , and existing models of sulphur chemistry are unable to reproduce these new abundance estimates. We conclude that models extending to higher temperatures and densities are required to explain these data. Trying to obtain a more complete picture of star forming regions in the Taurus molecular cloud, four newly discovered dense molecular cores (L1521D, L1521F, L1524, L1507A) are identified and mapped through the ammonia (J,K) = (1,1) and (2,2) rotational inversion lines. These cores have sizes from 0.06 to 0.09 pc, hydrogen densities from 0.6 10 4 to 19.9 10 4 cm −3 and kinetic temperatures between 7.9 and 9.9 K. The masses range from 0.2 and 1.0 M , placing the cores with the lowest M values at the lower edge of the mass distribution for ammonia cores in the TMC. Turbulent, thermal and gravitational energies have been estimated. A comparison between these energy terms and considerations related to thermal and turbulent line broadening indicate that these cores are close to gravitational equilibrium. Moreover, we report detections of the J=9-8 transition of HC 5 N towards the ammonia peak positions of these four molecular cores. The HC 5 N column densities are between 1.6 10 12 and 9.2 10 12 cm −2 , in agreement with the values derived for the other molecular cores located in the TMC.
Near-Infrared Emission of Protostars
Accepted by Astron. Astrophys.
Chemistry of Protosolar-like nebulae:
The molecular content of the DM Tau and GG Tau disks Anne Dutrey, Stéphane Guilloteau, and Michel Guélin Institut de Radio Astronomie Millimétrique, 300 Rue de la Piscine, F-38406 Saint Martin d'Hères, France E-mail contact:dutrey@iram.fr
We report the detection of CN, HCN, HNC, CS, HCO + , C 2 H and H 2 CO (ortho and para) in the protoplanetary disks of DM Tau and GG Tau. For the first time organic molecules are observed in objects representative of the presolar nebula. These molecules are underabundant with respect to the standard dense clouds. The depletions in the "outer" disk of DM Tau (100 < r < 900 AU), derived from the line intensities and state of excitation, range from f 5 (for CO) to 100 (for H 2 CO). The relatively large abundances of CN and C 2 H are typical of a photon-dominated chemistry. We present a complete SiO v = 0 J=2-1 synthesis image of the red-shifted outflow lobe from the Class 0 protostar L 1448-mm. The image is a 5-field mosaic obtained with the IRAM interferometer at ∼3 angular resolution. The SiO emission arises in a highly-collimated jet extending over 0.2 pc. The jet consists of four main blobs, probably corresponding to successive episodes of mass-loss from the central object. The kinematical structure of the jet is studied by the means of velocity channel maps and position-velocity diagrams, and is compared to current models of jet-driven bipolar outflows. We have constructed a kinematical model of bow-shock to make such comparison as detailed as possible. We find that most of the SiO clumps delineate partial bow-shock structures, but important SiO emission is also seen along the jet axis itself. Shock-processing of the dust grains, and perhaps chemical gas-phase reactions in the protostellar wind and in the mixing layer, could explain the enhancement of SiO in the different jet blobs. The CO outflow in L1448, and perhaps in all bipolar outflows, is thought to be driven by a primary jet ejected from the central star/disk system. We conclude that, if not the primary wind itself, the material traced by the SiO emission reported here is very closely linked to this primary jet. A universal mechanism for cluster formation in all epochs and environments is found to be consistent with the properties and locations of young and old globular clusters, open clusters and unbound associations, and interstellar clouds. The primary structural differences between various cluster types result from differences in pressure at the time of formation, combined with different ages for subsequent evolution. All clusters begin with a mass distribution similar to that for interstellar clouds, which is approximately n(M )dM ∝ M −2 dM . Old halo globulars have a current mass distribution that falls off at low mass because of a Hubble time of cluster destruction. Young globulars have not yet had time for a similar loss, and some old open clusters have survived because of their low densities. The peak in the halo cluster luminosity function depends only on age, and is independent of the host galaxy luminosity, as observed. The peak globular cluster mass is not a characteristic or Jeans mass in the primordial galaxy, as previously suggested.
The initial mass distribution functions for young and old globular clusters, open clusters and associations, and interstellar clouds are all power laws with a slope of ∼ −2. This distribution could be the result of fractal structure in turbulent gas. New data on clusters in the LMC also follow this power law. The slope is so steep that it implies a significant fraction of star formation occurs in small clusters. Numerous halo field stars should come from the evaporation of small halo clusters, and a high fraction of disk field stars should arise in small unbound disk clusters. This differs significantly from previous suggestions that most disk stars form in large OB associations.
Globular clusters of all ages preferentially form in high pressure regions. This is directly evident today in the form of large kinematic pressures from the densities and relative velocities of member stars. High pressures at the time of globular cluster formation are either the result of a high background virial density in that part of the galaxy (as in dwarf galaxies or galactic nuclei and nuclear rings), turbulence compression (in halo globulars), or large scale shocks (in interacting galaxies). Massive clusters that form in such high pressure environments are more likely to be bound than low mass clusters or clusters of equal mass in low pressure regions. This is because virialized clouds are more tightly bound at high pressure. A simple model illustrates this effect. One implication of this result is that starburst regions preferentially make globular clusters, in which case some elliptical galaxies could have formed by the violent merger of spiral galaxies. One-dimensional numerical simulations of interacting plane polarized Alfven waves including magnetic diffusion and thermal energy dissipation form structures between the sources of excitation that are analogous to clumpy cool diffuse clouds surrounded by a warm low-density intercloud medium. The cloud oscillates slightly after formation, but has an average state that is in both thermal and total pressure equilibrium with the intercloud medium. The cloud substructure has a realistic size-linewidth relation, ∆v ∝ R 0.5 , that is the result of a systematically decreasing correlation among random motions for increasingly large scales. The substructure also has a peak-density versus size relation ρ ∝ R −0.18 because of self-similar hierarchical structure. The gas continuously changes its temperature in response to density fluctuations in the turbulent medium, i.e., each region picks the temperature of the nearest equilibrium phase for the current density. The gas motions are generally less than the Alfven speed and comparable to the sound speed. This implies that supersonic turbulence in real clouds is probably the result of supersonic relative motions between very tiny clumps inside which the actual motions are nearly sonic. The magnetic field plays the important role of allowing energy from the perturbation to spread over a large distance with minimal dissipation. Nine Herbig Ae/Be stars have been observed at λ = 2.7 mm with the IRAM and BIMA interferometers to place constraints on the presence of disk material around these objects. Only one Herbig Ae/Be star, Elias 3-1, was detected with certainty; two additional stars, MWC 137 and V645 Cyg, were possibly detected. The remaining six Herbig Ae/Be stars were not detected. Two deeply embedded objects near the target stars, LkHα 198-MM and V1318 Cyg S, were also detected. The emission from Elias 3-1 and V1318 Cyg S is unresolved, while that from LkHα 198-MM is resolved. Two stars (Elias 3-1 and V645 Cyg) were observed with the VLA at λ = 7 mm, 1.3 cm, and 3.6 cm. Based on our VLA data and those of Skinner et al. (1993) , it appears that emission from ionized gas may contribute substantially to the millimeter emission from several sources. After correcting for this component where necessary, the remaining emission from most of the sample, attributed to dust, is considerably less than that predicted by assuming that the shorter wavelength emission arises in a disk. Much of the submillimeter and millimeter emission toward most of these stars must therefore arise in an extended envelope. For Elias 3-1, the data are consistent with a disk with mass around 0.1 M . We place limits on the masses of disks around the other stars.
Accepted by The Astrophysical Journal
The Star-Grazing Extra-Solar Comets in the HD 100546 System
Hanner of stars, the wide range in stellar mass (∼ 0.1 − 50M ), and the extreme youth (< 1-2 Myr) of the stellar population, make the ONC the best site for investigating: 1) the detailed shape of a truly "initial" mass spectrum; 2) the apparent age spread in a region thought to have undergone triggered star formation; 3) the time sequence of star formation as a function of stellar mass; and 4) trends of all of the above with cluster radius.
Nearly 60% of the ∼ 1600 optical stars have sufficient data (spectroscopy and photometry) for placement on a theoretical HR diagram; this subsample is unbiased with respect to apparent brightness or cluster radius, complete down to ∼ 1M , and representative of the total optical sample below ∼ 1M for the age and extinction ranges characteristic of the cluster. Comparison of the derived HR diagram with traditional pre-main sequence evolutionary calculations shows a trend of increasing stellar age with increasing stellar mass. To avoid the implication of earlier characteristic formation times for higher-mass stars than for lower-mass stars, refinement of early evolutionary theory in a manner similar to the birthline hypothesis of Palla & Stahler (1993) , is required. Subject to uncertainties in the tracks and isochrones, we can still investigate stellar mass and age distributions in the ONC. We find the ONC as a whole to be characterized by a mass spectrum which is not grossly inconsistent with "standard" stellar mass spectra. In particular, although there are structural differences between the detailed ONC mass spectrum and various models constructed from solar neighborhood data, the observed mass spectrum appears to a peak at ∼ 0.2M and to fall off rapidly towards lower masses; several substellar objects are present. The abundance of low-mass stars relative to high-mass stars suggests that there is no bi-modal star formation mode; somewhat ironically, the ONC probably contains fractionally more low-mass stars than the solar neighborhood since the population not yet located on the HR diagram is dominated by sub-solar-mass stars. Nonetheless, the ONC mass spectrum is biased towards higher-mass stars within the innermost cluster radii (r projected < 0.3 pc). We find the ONC as a whole to be characterized by a mean age of < 1 Myr and an age spread which is probably less than 2 Myr, but also by a bias towards younger stars at smaller projected cluster radii. Although the most massive stars and the youngest stars are found preferentially towards the center of the ONC it does not follow that the most massive stars are the youngest stars. A lower limit to the total cluster mass in stars is M stars ≈ 900M (probably a factor of < 2 underestimate). A lower limit to the recent low-mass star formation rate is ≈ 10 −4 M yr −1 . All observational data in this study as well as stellar parameters derived from them are available in electronic format. We present the first near-infrared (JHK) imaging and photometry of a young cluster associated with NGC 2282, a reflection nebula in Monoceros. Our observations reveal that the cluster is centrally concentrated with a surface density that falls as r −1 . The cluster has a radius of roughly 1.6 pc and contains at least 100 members, approximately 9% of which exhibit infrared excess emission characteristic of young stellar objects. Infrared extinction maps suggest that the cluster is located at the edge of a molecular cloud and is not heavily reddened. We construct the K-band luminosity function (KLF) of the cluster and find that it increases with magnitude up to the completeness limit of our observations (m K = 15.0). The shape of the KLF is similar to those of other young clusters, such as IC 348 and the Trapezium, which suggest that the cluster contains a significant population of pre-main sequence stars. However, at the distance of NGC 2282 (1.7 kpc) our observations are not deep enough to sample the low mass end of the cluster IMF. Consequently, our KLF does not provide meaningful constraints on either the age of the cluster or the duration of star formation within it. On the other hand, the low extinction toward the cluster, its location at the edge of a molecular cloud, and the relatively small fraction of infrared excess sources suggest that it is a relatively evolved cluster of pre-main sequence stars with an age of 5-10 ×10 6 years. This letter compares data from a recent near-IR study of the Serpens cloud core with data from previously published studies. It is found that one object, irs 81 has completely vanished, fading by more than 3.8 magnitudes at K, while a total of 10 of the observed objects have varied by over 0.5 magnitudes in H or K, with little change in colour. We have also discovered 13 new objects in the cloud core which were below the magnitude limit of previous studies. The cumulene carbenes are important components of hydrocarbon chemistry in low mass star forming cores. Here we report the first astronomical detection of the long chain cumulene carbene H 2 C 6 in the interstellar cloud TMC1, from observations of two of its rotational transitions: J K,K = 7 1,7 → 6 1,6 at 18.8 GHz and 8 1,8 → 7 1,7 at 21.5 GHz, using NASA's Deep Space Network 70 m antenna at Goldstone, California. In addition we also observed the shorter cumulene carbene, H 2 C 4 at the same position. The fractional abundance of H 2 C 6 relative to H 2 is about 4.7 × 10
and H 2 C 4 is about 1.1 × 10 −9 . The abundance of H 2 C 6 is in fairly good agreement with gas phase chemical models for young molecular cloud cores, but the abundance of H 2 C 4 is significantly larger than predicted.
Accepted by Astrophys. J. (Letters)

Gold alignment & internal dissipation
A. Lazarian
Department of Astrophysical Sciences, Princeton University, Princeton NJ 08544, USA E-mail contact: lazarian@astro.princeton.edu
The measures of mechanical alignment were obtained for both prolate and oblate grains when their temperature is comparable with grain kinetic energy devided by k, the Boltzmann constant. For such grains, the alignment of angular momentum, J, with the axis of maximal inertia, a, is only partial. This substantially alters the alignment as compared with the results in Lazarian (1995) and Roberge, Hanany & Messinger (1996) obtained on the assumption of perfect alignment. We also describe the Gold alignment when the Barnett dissipation is suppressed and derive an analytical expression which relates the measure of alignment with parameters of grain nonsphericity and the direction of the gas -grain drift. This solution provides the lower limit for the alignment measure, while the upper limit is given by the analytics derived in Lazarian (1994) . Using results of a recent study of incomplete internal relaxation in Lazarian & Roberge (1996) , we find measures of alignment for the whole range of ratios of grain rotational energy to k over T s , where T s is the grain temperature. To describe alignment for mildly supersonic drifts, we suggest an analytical approach which provides good correspondence with the results of direct numerical simulations in Roberge, Hanany & Messinger (1995) . We also extend our approach to account for the simultaneous action of the Gold and Davis-Greenstein mechanisms. Paramagnetic alignment of thermally rotating oblate dust grains is studied analytically for finite ratios of grain to gas temperatures. For such ratios, the alignment of angular momentum J in respect to the grain axis of maximal inertia is only partial. We treat the alignment of J using perturbative methods and disentangle the problem of J alignment in grain body axes from that of J alignment in respect to magnetic field. This enables us to find the alignment of grain axes to magnetic field and thus relate our theory to polarimetric observations. Our present results are applicable to the alignment of both paramagnetic and superparamagnetic grains. We present an exact formulation of the physics of Barnett relaxation. Our formulation is based on a realistic kinetic model of the relaxation mechanism which includes the alignment of the grain angular momentum in body coordinates by Barnett dissipation, disalignment by thermal fluctuations, and coupling of the angular momentum to the gas via gas damping. We solve the Fokker-Planck equation for the measure of internal alignment using numerical integration of the equivalent Langevin equation for Brownian rotation. The accuracy of our results is calibrated by comparing our numerical solutions with exact analytic results obtained for special cases. We describe an analytic approximation for the measure of alignment which fits our numerical results for cases of practical interest. A recent survey with the DRAO 25.6m telescope operating at 6.6 GHz has detected a new methanol maser in the vicinity of W5. The position of the maser relative to CO emission and IRAS source 02455+6034 strongly suggests they are coincident. CS emission in the region also suggests an association with the maser. Radio continuum observations of the region have not revealed any particular radio emission sources associated with the maser. It is not possible with the sensitivity and resolution of the current observations to identify the maser's pumping mechanism.
Accepted by Astronomical Journal
A Funnel Flow Origin For CO Bandhead Emission In Young Stellar Objects
Steven C. Martin
Department of Astronomy and Astrophysics, University of Chicago, 5640 S. Ellis Ave, Chicago, IL 60637, USA E-mail contact: smartin@jets.uchicago.edu
Many young stellar objects show near-infrared CO overtone emission. The observed bandhead profiles are consistent with gas motion in the gravitational field of a central mass and have been interpreted as arising from the innermost regions of a circumstellar disk. However, there is evidence that many of these pre-main-sequence stars possess strong magnetic fields that disrupt the inner disk and channel the gas onto the stellar surface, thereby forming an accretion funnel. It is demonstrated that this funnel can naturally give rise to the observed CO emission. It is shown that gas free-falling along the field lines yields bandhead profiles in agreement with those observed, with the shape of the profile determined mainly by the viewer's inclination. At large inclinations (with respect to the stellar rotation axis) the bandhead has a blue shoulder and a redshifted peak relative to the rest wavelength of the bandhead, whereas at small inclinations the bandhead is narrow. Using stellar parameters appropriate to a low-mass young stellar object and an accretion rate typical of a classical T Tauri star (∼ 10 −7 M yr −1 ), the computed luminosity of the v=2-0 bandhead is near the low end of the observed range. Since the predicted bandhead luminosity is proportional to the accretion rate, it is concluded that only young stellar objects with large accretion rates should have detectable CO emission, which is consistent with the observations. The lower overtone transitions of CO (e.g., v=2-0) are not strongly affected by the ambient radiation field since the densities in the funnel flow (n H ≈ 10 12 cm −3 ) are large enough to ensure LTE. However, higher transitions (v ≥ 4) are more susceptible to IR and UV pumping. The calculations imply that radiative effects leading to deviations from LTE will be most noticeable for sources with large bolometric luminosities. We present near-infrared spectroscopy of fluorescent molecular hydrogen (H 2 ) emission from molecular filaments in the reflection nebula NGC 7023. We derive the relative column densities of H 2 rotational-vibrational states from the measured line emission and compare these results with several model photodissociation regions covering a range of densities, incident UV-fields, and excitation mechanisms. Our best-fit models for one filament suggest, but do not require, either a combination of different densities, suggesting clumps of 10 6 cm −3 in a 10 4 − 10 5 cm −3 filament, or a combination of fluorescent excitation and thermally-excited gas, perhaps due to a shock from a bipolar outflow. We derive densities and UV fields for these molecular filaments that are in agreement with previous determinations.
Accepted by Astrophysical Journal Letters, to appear in the March 20 1997 issue
Near-Infrared Spectroscopy of Molecular Filaments in the Reflection
Accepted by The Astrophysical Journal
The Classical T Tauri Spectroscopic Binary DQ Tau We report the discovery that the classical T Tauri star DQ Tau is a double-lined spectroscopic binary. The orbital period is 15.804 days, with a large orbital eccentricity e = 0.556. The mass ratio is 0.97 ± 0.15.
We have monitored DQ Tau photometrically over two observing seasons and observed recurring episodes during which the stars get brighter (≈ 0.5 mag in V) and bluer (≈ −0.2 mag in V−I). When combined with photometry in the literature (time span ≈ 5000 days), a Scargle periodogram analysis reveals a highly significant periodicity of 15.80 days, essentially identical to the binary orbital period. These brightening events occur shortly before or at periastron passage. They occur during at least 65% of periastron passages, but not during all periastron passages. DQ Tau is surrounded by a circumbinary disk with mass of 0.002-0.02 M . The infrared spectral energy distribution resembles a power law from 1 µm to 60 µm. Remarkably, there is no paucity of near-infrared emission indicative of the inner disk having been cleared by the binary; there is clearly warm material within the binary orbit. We interpret the brightening events as due to a variable mass accretion rate regulated by the binary orbit. The periodic brightenings, the associated increases in emission line strength and veiling reported in an accompanying paper (Basri et al. 1997) , and the circumstellar material together are consistent with a recent theoretical finding that circumbinary disk material can stream across a binary orbit at certain orbital phases, resulting in a pulsed accretion flow onto the stars (Artymowicz & Lubow 1996) . The theoretically predicted phase of maximum accretion rate is shortly before periastron, in good agreement with the phasing of the brightenings of DQ Tau. The periastron separation is smaller than the inferred stellar magnetospheric radii of classical T Tauri stars, so that such magnetospheres would interact at each periastron passage. The magnetic energies are plausibly adequate to power the brightenings. However, the strongly enhanced continuum veiling and long duration of some of the brightenings are not naturally explained in a pure flaring scenario. Nonetheless, magnetospheres likely play a role in the detailed accretion flow near the stars.
Accepted by the Astronomical Journal; scheduled for the May 1997 issue. A blend near 90.2 GHz. The corresponding line from the E symmetry species was sought but may be blended with a line from another species. Interstellar CH 3 COOH was confirmed using the OVRO Array, where we detected the 9 * ,9 -8 * ,8 E blend near 100.9 GHz. The corresponding line from the A symmetry species was sought but found to be blended with the 7 1 -7 0 E line of CH 3 SH. Our CH 3 COOH observations represent the first detection and confirmation of an interstellar molecule using interferometric arrays; all past detections and confirmations of new molecules have been made on the basis of single element telescope observations. We present the results of three dimensional hydrodynamic calculations of the evolution of low mass molecular clouds, performed using the numerical method of smoothed particle hydrodynamics. The clouds that we consider are subject to heating by the interstellar radiation field and by cosmic rays. They are able to cool through molecular line emission (primarily CO and its isotopes), and by emission from the fine structure lines of C + and OI. We also include gas-dust thermal coupling in our models. A simplified chemical network is incorporated which models the conversion between C + and CO, where the chemical balance is determined by the local flux of dissociating radiation. Calculations are performed for initially uniform density clouds, with masses in the range M = 100 to 400M , sizes in the range R = 1.7 to 3.4 pc, with the initial number density in all cases being n = 100 cm −3 . We performed calculations for clouds with different geometrical shapes, these being spherical, prolate, and oblate. Additionally, we considered the effects of an anisotropic radiation field on the cloud evolution.
The main results are: (i) Clouds which are initially Jeans stable are able to collapse because of the coupling between the dynamical and thermal evolution. This collapse results in core-halo structure where we have a cold, dense, CO core surrounded by a warmer, tenuous, C + envelope.
(ii) A pressure gradient is set up in the clouds by the attenuation of the UV radiation field. When a cloud is anisotropically heated, this pressure gradient leads to the formation of a highly flattened cloud core when it collapses.
(iii) The combined thermal and dynamical evolution of the prolate and oblate clouds, leads to the formation of highly elongated or flattened structures. These structures are able to fragment, typically with 4 to 8 subcondensations forming, which have masses in the range 3M to 7.5M .
These calculations are relevant to observations of isolated, low mass, quiescent clouds and Bok globules, where the interstellar radiation field plays an important role in the thermal and chemical evolution, and thermal pressure provides substantial support against gravitational collapse. We have carried out a multi-frequency, multi-configuration VLA observational program of the massive Galactic star forming region W49A (D = 11.4 kpc). Radio continuum observations were carried out at 0.7, 1.3 and 3.6 cm. In the highest sensitivity 3.6 cm images, we have detected 45 distinct continuum sources (located within a ∼4 [13 pc] diameter region) exhibiting a wide variety of sizes and morphological types. Several sources have rising continuum spectra (α >0.6) up to the shortest wavelengths observed (7 mm). We observe a larger fraction of sources with shell morphologies (11%) than were observed in the Galactic plane survey of Wood & Churchwell (1989) . A correlation between the rms electron density and the radius of the ultracompact HII regions is observed for the spherical, unresolved and cometary sources in W49A.
We have observed W49A in the H92α, He92α, H66α, and H52α recombination lines. We detect hydrogen line emission from 39 of the 45 continuum sources observed at 3.6 cm (H92α). We derive LTE electron temperatures from the H92α, H66α and H52α lines to have mean values of T * e =6700±300 K, 10400±600 K and 9100±600 K respectively. The mean singly ionized helium abundance in the 13 sources where He92α emission is detected is < Y + >=11±1%. Several of the most compact continuum sources in W49A have broad radio recombination lines (∆V H52α >45 km s −1 ), including W49A/B and the western portion of W49A/G (which contains a large number of high velocity H 2 O masers). The high frequency radio recombination line velocities are utilized to discriminate between various models that propose to explain the origin of the central "ring" of HII regions.
Accepted by ApJ
X-ray emitting stars in the NGC1333 star forming region
Thomas Preibisch
Astronomisches Institut der Universität Würzburg, Am Hubland, D-97074 Würzburg, Germany E-mail contact: preib@astro.uni-wuerzburg.de
We present the results of a very deep ROSAT HRI X-ray observation of the highly active star forming region NGC1333. In total we could detect 20 X-ray sources, 16 of which we assume to be members to the cluster of pre main sequence stars. Since most of the stars in NGC1333 are still deeply embedded in the molecular cloud (A V ≈ 5 − 30 mag), we use near infrared data to estimate individual extinctions for the calculation of X-ray luminosities.
One of the X-ray sources is identified with the optically invisible, very deeply embedded (A V ≈ 28 mag) infrared class I source SVS16, for which we find an extremely high X-ray luminosity of 2.8 × 10 32 erg/sec, making this object one of the most X-ray luminous pre main sequence stars known to date.
Since we have already performed similar sensitive ROSAT observations of the young cluster IC348 (the second active star forming region in the Perseus molecular cloud complex), we compare the X-ray properties of the young stars in NGC1333 to those in IC348. We find no evidence for a significant change of the X-ray luminosity function during the first few million years in the life of the pre main sequence stars. We present a survey of the distribution of 20 chemical and isotopic molecular species along the central ridge of the Orion molecular cloud from 6 north to 6 south of BN-KL observed with the QUARRY focal plane array on the FCRAO 14m telescope, which provides an angular resolution of ∼ 50 in the 3mm wavelength region. We use standard tools of multivariate analysis for a systematic investigation of the similarities and differences among the maps of integrated intensities of the 32 lines observed. The maps fall in three broad classes: first, those strongly peaked toward BN-KL; second, those having rather flat distributions along the ridge; and third, those with a clear north-south gradient or contrast. We identify 6 positions or regions where we calculate relative abundances. Line velocities and linewidths indicate that the optically thin lines generally trace the same volume of dense gas, except in the molecular bar, where C
18 O, C 34 S, H 13 CO + , CN, C 2 H, SO, and C 3 H 2 have velocities characteristic of the bar itself, whereas the emission from other detected species is dominated by the background cloud. The strongest abundance variations in our data are the well-known enhancements seen in HCN, CH 3 OH, HC 3 N, and SO toward BN-KL and, less strongly, toward 1.3 S.
The principal result of this study is that along the extended quiescent ridge the chemical abundances, within factors of 3-4, exhibit an impressive degree of uniformity. The northern part of the ridge has a chemistry closest to that found in quiescent dense clouds. While temperature and density are similar around the northern radical-ion peak near 3.5 N and in the southern core near 4.2 S, some abundances, in particular those of the ions HCO + and N 2 H + , are significantly lower toward 4.2 S. The areas near 4.2 S and the molecular bar itself around (1.7 E, 2.4 S) stand out with peculiar and similar properties-probably caused by stronger UV fields penetrating deeper into the clumpy molecular gas. This leads to higher electron abundances and thereby reduced abundances of the ions as well as a lack of complex molecules.
To appear in Ap.J., June 10, 1997 We present results of a study to investigate the spatial distribution of X-ray active young stellar objects near the Lupus star forming region (SFR). In this SFR, a recent study has led to the discovery of some 130 new weak-line T Tauri stars (WTTS) dispersed over a large area of some 230 square degrees. However, the true extent of the spatial distribution of these stars could not be determined in this study. We have selected from the ROSAT All-Sky-Survey candidate T Tauri stars within a narrow strip of 10 o width, located adjacent to the Lupus SFR, and oriented perpendicular to the galactic plane. Intermediate resolution spectroscopy was carried out to identify stellar objects with strong Li I λ6708 absorption, indicative of their youth, and 48 Li-rich stars were found within our study region. The peak at b 18 o in the spatial distribution of Li-rich stars within this strip corresponds well with the intersection of our study region with the Gould Belt, but is inconsistent with the assumption that these stars belong to a galactic ZAMS foreground population, which would be expected to be centered on the galactic midplane. We conclude that the majority of recently discovered low-mass, X-ray active, Li-rich stars dispersed over large areas around Gould Belt SFRs are indeed WTTS with ages not exceeding that of the Gould Belt itself, i.e. below 5 − 6 × 10
Dissertation Abstracts
Probing the Clumpy Nature of Molecular Clouds We investigated the excitation conditions and the line formation mechanism of molecular transitions in the clumpy structured clouds and the dense molecular cores. It is generally accepted that the clouds or cores are composed of many small clumps. However, have been done little model studies on the radiative transfer of molecular lines in such clumpy medium. This study is aimed at knowing how the emission lines are formed in the clumpy clouds and how they reflect the kinematics and structure of the clumps.
First we developed a three dimensional radiative transfer code by using the Monte Carlo method, and simulated the clumpy structure of the cloud as realistically as possible. It is found that the excitation conditions in the clumpy cloud are more uniform than those of the smoothly varying density structure. The tendency of uniformity is pronounced under the dominance of macroturbulent motion of the clumps. When the space between the clumps is left empty, the CO line profiles calculated in these conditions do not show the time long self-absorption features, and are compatible with the observed line characteristics. An inclusion of very dilute inter-clump matter results in a development of the self-absorption features or the flat tops to the line center. This suggests that a very large density contrast exists between the clump and inter-clump media. The tendency of the uniform excitation conditions is also noted for the CS transitions, if the dense cores are clumpy.
We applied our clumpy model to the NGC2071 dense core, for which multi-transitional observations of CS are available. The clumpy model fits the observations much better than the microturbulent one. It was found that the volume fraction occupied by the clumps is only 5% and the mean density gradient is steeper than that estimated by the previous study.
The first half of the thesis was already published in A&A, 300, 890 and in A&A, 312, 981. The observational evidence of molecular cloud collapse is rare partly due to confusion of coexisting processes such as molecular outflows. In this thesis, we studied a number of dense molecular cloud cores with centimeter-and millimeterwave interferometers. Toward two infall candidates in the W51 region, we find consistent spectroscopic signatures of cloud collapse in molecular lines of NH 3 , CS, CH 3 CN, CH 3 OCH 3 and HCOOCH 3 . The optically thick lines show the inverse P-Cygni or double-peaked profiles with the blue-shifted components stronger than the red-shifted ones. The line asymmetries increase systematically toward transitions of larger optical depths or toward a transition synthesized with higher angular resolutions. These characteristics are in excellent agreement with the expected signatures from a centrally condensed infalling cloud.
Dynamical Collapse in Star Forming
The infall motion at scales from 0.04 pc to 0.2 pc appears to be radial and remains nearly constant. The mass densities in the infall region increase inward and scale with radius as r −2 . The infall at the inner part ( < ∼ 0.04 pc) of the dense cores is accompanied by rotational motions which spin up as ω ∝ r −1.2 . The two infalling cores are embedded in an extended cloud which rotates in a different direction than the dense cores. It is likely that these dense cores are formed through fragmentation of the extended cloud. In this case, the rotational axis of the parental cloud may not be preserved during this process. Although the fragmentation may play important roles in core formation, it seems to be the collapse of individual cores that leads to the formation of OB stars.
We also studied two low mass regions, GSS30 and L1157, in which the dominant phenomenon turns out to be outflow motions. In the case of GSS30, we found an expanding core which is likely disrupted by the formation of stars. In L1157, we observed a powerful outflow from a very low luminosity (11 L ) source which gives rise to heating and shocked emission in the cloud core.
New Jobs
POSTDOCTORAL POSITION
Centre for Astrophysics University of Porto -Portugal CAUP accepts candidates for a post-doctoral position in Stellar Astrophysics, namely in areas of circumstellar medium and young objects, stellar evolution and activity, and astro-tomography and inversion techniques. Priority will be given to candidates with experience in multi-wavelength observations. The position is for one year with possible extension up to three years, and is expected to start in December 97. The deadline for applications is the 22nd of May.
Applicants should forward curriculum vitae, list of publications, a brief description of past experience and of research interests and plans as well as the name/address of three referees. For more information see also "http://www.astro.up.pt/". The Star Formation Newsletter is a vehicle for fast distribution of information of interest for astronomers working on star formation and molecular clouds. You can submit material for the following sections: Abstracts of recently accepted papers (only for papers sent to refereed journals, not reviews nor conference notes), Dissertation Abstracts (presenting abstracts of new Ph.D dissertations), Meetings (announcing meetings broadly of interest to the star formation and interstellar medium community), New Books (giving details of books relevant for the same community), New Jobs (advertising jobs specifically aimed towards persons within our specialty), and Short Announcements (where you can inform or request information from the community).
Latex macros for submitting abstracts and dissertation abstracts are appended to each issue of the newsletter.
The Star Formation Newsletter is available on the World Wide Web, where you can access it via the ESO Portal (http://http.hq.eso.org/eso-homepage.html). You can also access it through the University of Massachusetts Astronomy World Wide Web server, the URL for its home page is http://wwwastro.phast. Because of their large luminosities, massive stars are useful tracers of the current rate of massive star formation . Moreover they can do substantial damage to their surroundings, the interstellar medium (ISM) of galaxies,through their copious output of ultraviolet radiation, stellar winds and the fiery supernovae which result from their death. When large numbers of massive stars are gathered in one place, the collective energy input of the stars can produce shells, supershells , blowouts, galactic fountains, etc. This in turn affects the overall evolution of the galaxy where massive star formation is ongoing.
This book, which contains the proceedings of the 11th Astrophysics IAP meeting held from 3 to 8 July 1995 at the INSTITUT d'ASTROPHYSIQUE de PARIS, has for ambition to bring together 3 fields of research which have been in general discussed separately in the past, in spite of their intimate connections: massive star formation, their interaction with the surrounding ISM and galaxy evolution. Our ambition of bringing together researchers from these 3 fields was fraught with risks. The meeting could have degenerated into 3 separate sub-meetings with no real interdisciplinary exchanges. The meeting, as it went on, quickly dissipated our fears: more than 140 participants joined during a full week, the discussions were many and passionate, with a real spirit of learning from each other, vindicating our belief that real progress in the field can only be made with a multidisciplinary approach. That multidisciplinary spirit can be found in the review and poster papers found in this volume. The review papers discuss, among other topics, the latest findings on massive stars (including the high spatial resolution work with HST), superbubbles, superwinds, blowouts, galactic fountains, the large scale transport and mixing mechanisms in the ISM, the most recent models of the ISM, the IMF in starburst clusters, the star formation rate history in galaxies, and the latest models of galaxy formation and evolution. The book should be a valuable tool for any researcher seeking an unified view of the interplay between massive star formation, the ISM and galaxy evolution.
The book contains 656 pages, among which 10 color pages, and can be ordered from: 
